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Abstract— The experimental co-digestion of biogas productbtypical food waste with vegetable waste andkeic
dung from the Sakaew Temple Community, AngthongideroThailand, in order to identify the optimizaticondition

that determine the amount of biogas and methan&nonThe process in this research were consisteti methods,
which were the survey of food waste to the commudésign and set up biogas production system, efietation

experiment to find the optimum condition, and tetbgy transfer to the community. Biogas producticas operated
in 200 L of digester for 40 days. During this resdmaprocess, the materials for biogas process weieed in the 5
different ratios of food waste with vegetable wastkicken dung as follows; 1 : 1 (Digester D3}, 2 (Digester D4) ,

3 : 1 (Digester D5), 1:0 (Digester D1), and O : Rigester D2). From this result, it was found thhetratio of food

waste to the chicken dung, 1:1 (Digester D3) wasvjgled the highest amount of biogas, which was3LBg8and the
highest content methane gas were 72 %. The carbaitrbgen ratio, temperature digester, and pHla tigester D3
were 18.83, 29.8 °C, and 6.87, respectively. Aftdeulating the economic internal rate of returbhwias found that the
payback period was 16.4 days for the digester D& fEsults of the satisfaction evaluation for thehinology transfer
to the Sakaew Temple Community, Angthong Provimoers that the participants were mostly satisfied.

Keywords— Food waste, chicken dung, renewable energy, bicgaroduction, Sakaew temple community.

residues, and biogas), 5,902 tons of oil equivaleag
1. INTRODUCTION been used, there was increased about 4.7 %. Finally
. : Renewable energy (Charcoal, firewood and agricalltur
Nowadays, the energy and environmental iSSUES argegigies) has traditionally used 8,076 tons of oil

considered as the very important issues, both &lamd o jiyalent, which an increasing about 10 % from2201
and many countries around the world. The final gper

consumption was about 74,214 tons of oil equivalémt
Thailand in 2013, which increasing about 2.6 % from
that of in 2012. The energy consumption was 1,793 equivalent in Thailand. Therefore, there are
billion baht. The proportion of 81.4 % of_the fireiergy . implemented a plan to develop renewable and aligma
consumption was used to the consumption energychwhi energy about 25 % in 10 years (between 2012-2021).
ini 0 : :

remaining 7.9 % of renewable energy and 10.7 OfB|ogas production target was 3,600 MW for 2021 (600
traditional renewable energy. Therefore, 61,236 toh MW from industrial waste and manure and 3.000 MW
oil equivalent has used to commercial energy . Napier grass). There are widely encouraging
consumption by 2013. There was increased abou¥al.5 community participation in the biogas productiondan

from 2]91%’ whi_chlconsi?]t of (i) Oil has beer:jus&d)% use of renewable energy by encouraging the prazhicti
tons OI ol .equ'vﬁ ent,bt ere werg Increased a m/‘]’c i of biogas at the household level. Especially, rural
(i) Electricity has been used 14,002 tons of oil ;onmynities have receiving the benefit and supfirt

equivalent, there were increased about 1.6 %, @Rl he development of gas pipeline networks for bioigas
and lignite were using 5,947 tons of oil equivalevttich the commuFr)ﬂty. gas pip o

were decreased about 9.6 %, and (iv) Natural g&s ha  Apaerobic digestion (AD) refers to a process where
been used 5,339 tons of oil equivalent with indreas organic matter is synergistically decomposed by a
‘?‘bOUt 4.8 % For renewable energy (Solar energal, co - icropial consortium in an oxygen free environment.
firewood, rice husks, bagasse, agricultural wastste  Ap .an be used to convert organic matter into tidiga
energy recovery and achieve waste stabilization and
odors reduction [2]. AD can be operated under tqui
(wet), semi-solid, or solid-state (dry) conditionghen
the total solids (TS) of substrate are < 10%, 104, %r
>15 %, respectively. Largely, liquid AD is frequisnt
applied in the full-scale operations, owing to es
such as easy operation and maintenance, and iimggeas

Ministry of Energy has forecast the country's fatur
energy used which needs to demand for 99,838 tbns o
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methane yield [3]. Biogas mainly composed of 50970
of methane, CH (valorized in electricity and heating)
and 50-30 % of carbon dioxide, €@ith traces of other
impurities, such as hydrogen sulfide ,8), ammonia
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(NHsz), and water vapor [4]. 2. MATERIALS AND METHODS
Co-digestion of mixed substrates offers many
advantages, including ecological, technologicald an
economic benefits as compared to a single substrate Chicken dung was collected from a dairy farm near
digestion. However, the combination of two or more Sakaew Temple Community Angthong Province,
different types of feedstock requires the caredldéction  Thailand during April 2016. The samples were sctlape
to improve the efficiency of anaerobic digestioheTaim  off the feed lanes and collected in 200-L buck&ise
of the co-digestion is to balance nutrients (C/Norand  samples were transported immediately to the Sakaew
macro- and micronutrients) and dilute inhibitorsito = Temple Community (Sakaew Temple School). Food
compounds to enhance methane production [5]. Namelywaste with vegetable waste was collected, duringl Ap
it could be improved the buffer capacity and reduce 2016, from Sakaew Temple Community Angthong
ammonia inhibition of the liquid mixture due to the Province (Sakaew Temple School) processing of geera
better carbon and nutrient balance [6, 7]. Therogiti  105.28 kg/day of food waste with vegetable waste, b
carbon to nitrogen (C/N) ratio of 15-30 is preferfer screening and grinding, as a feedstock for an abaer
anaerobic digestion and hence external suppleni@mtat co-digester.
of carbon has to be regularly performed to dil(fetél 2.2 Anaerobic Co-digestion
Kjeldahl Nitrogen: TKN) concentration, in order to 2.2.1 Experimental design and set-up
achieve a stable and efficient process. It shoseldidted The anaerobic co-digestion experiments were
that the dilution can done by adding water [3]. carried out on varying mixtures of food waste with
There were many factors would influence on anaerobi vegetable waste and chicken dung in order to déterm
co-digestion such as temperature, pH, organic tgadi the best combination of substrates ratios for lsoga
rate, and hydraulic retention time. The pH values wee production. The experiments were conducted in five
crucial importance, it could affect the activitiexf identical 200 L digester reactors with 150 L workin
specific acidogenic and methanogenic bacteria, thervolume using water displacement. The digesterstoza
affecting to the biogas production. The optimalnaiige  were labeled D1 (food waste with vegetable waste :
of anaerobic co-digestion for biogas generation waschicken dung, 1:0), D2 (food waste with vegetabieste
between 6 and 8 [8]. Normally, anaerobic bacteea ¢ : chicken dung, 0:1), D3 (food waste with vegetable
grow at psychrophilic (10-38C), mesophilic (30-40C), waste: chicken dung, 1:1), D4 (food waste with
and thermophilic (50-61C) conditions. The performance vegetable waste : chicken dung, 2:1), and D5 (foaste
of AD was increased with an increase in temperaturewith vegetable waste : chicken dung, 1:2). The
stressing the advantages of the thermophilic ojperat Schematic diagram for anaerobic co-digestion deidce
with its higher metabolic rates, higher specifiowth presented in Fig. 1. These mixture ratios were iipdc
rates, and higher rates of the detruction of patheg according to the amount of food waste with vegetabl
along with higher biogas production. However, many waste and chicken dung that could be delivered to
advantages were observed under thermophilic cangiti  existing Sakaew Temple School and dairy farm in
some disadvantages are worth considering since th&akaew Temple Community Angthong Province where
thermophilic process is more sensitive to enviromi@e  the co-digestion practice is intended. It was idehto
changes than the mesophilic process [9]. co-digest this amount of chicken dung with eith@radd
As Thailand is an agricultural country, it has enous 30 kg/day of food waste with vegetable waste. These
sources of biomass that can be used for the prioduct quantities of food waste can be delivered by twthoze
renewable energy such as agricultural residues andpuckets respectively. The initial volume of chiclkdumg
animal manure. Sakaew Temple Community Angthongfor the digestion of chicken dung and water werekg0
Province has a large population of food waste, Wwhiic ~and 70 liter, respectively. Aftter the chicken dumgs
has become a big environmental problem. Generatingnixed with the water in the ractors, food wastehwit
large amounts of surplus animal manure can be ised vegetable waste was added to fill the volumes up to
biogas production to produce renewable energy. Fooceffective volumes of the follow five ratios of stitages.
waste has already been considered as a very a#ract All the reactors were carried out in duplicate gsk®0-L
feedstock for anaerobic digestion due to its highthane  anaerobic reactors at mesophilic temperature fatad@.
potential [10]. Food waste is a desirable matddato- 2.2.2 Analytical Methods
digestion with animal manure because of its high ] ] ) )
biodegrability [11]. _Total solids (TS), _ volatile solids (\{S), ammonia
The aims of this study were to evaluate the pagénfi ~ Nitrogen, TKN, volatile suspended solids, suspended
anaerobic co-digestion of food waste with vegetablesolids, total phosphorus (P), total nitrogen (Njemical
waste and chicken dung along with the effect ofingix ~ 0Xygendemand (COD), COD:N:P, carbon content, nitrogen
ratios of food waste with vegetable waste and @iick content, and carbon to nitrogen ratio (C/N ratigrev
dung on amount of biogas and methane content. &noth measured in accordance with the standard methods
objective was to calculate an economic analysis via(APHA, 1999)[12]. The pH and temperature of the
payback period value from optimizing digester of substrated mixture in the digesters was measuretyev

mixture of food waste with vegetable waste andk#nc  gay py pH meter and data logger (Amron, ZR-RX25)

dung. respectively. Biogas was colleted by water dispiaeet
method. The biogas volume was calculated daily and

2.1 Collection and Preparation of Substrates
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transformed into the volume at STP condition. Booga COD/N/P ratio, which there was COD/N/P ratio more
samples were examined by Geotech, BIOGAS 5000 tahan the theory and literature reported [14]. Foe t
determine the Cldand CQ content. decomposition of organic matter by fermentatiomgsi
anaerobic conditions, independent of the biogasqa®
From this research shows that the food wastes had
nutrients (nitrogen and phosphorus) sufficient the
growth of microorganisms.

The C/N ratio of food waste and chicken dung was
26.76 and 8.9 respectively. Food waste and chidkery
were considerably suitable for anaerobic digestion,
which is consistent with other research and thg¢bby.
The carbon-to-nitrogen ratios for each digestet Were
affect the production of biogas as shown in Tabl&éi®
results found that the ratio of carbon to nitrogen
sufficient and suitable for the production of bisga
between 8.9 to 26.76.

3.2 Biogas Production from Food Waste with Vegetable
Waste and Chicken Dung

Fig. 2 represents typical biogas production cufee®1
(food waste: chicken dung = 1:0), D2 (food waste:
chicken dung = 0:1), D3 (food waste: chicken dung =
1:1), D4 (food waste: chicken dung = 2:1), and o
waste: chicken dung = 3:1). From this figure, it dze
suggested that co-digestion was easily and confplete
biodegradable by the population of a digester 3 to
digester 5 within 9 days. While, mono digestion tzad
long time completely biodegradable by the populatid
a digester 1 to digester 2 within 14 days. The dative
biogas production of D3, D4, D5, D1, and D2 were
2,104.7, 1,855.21, 1,607.39, 1,152.45, and 704.76 L
respectively. The addition D3 was significantly Hegt
biogas production, indicating that the maximum
metabolic capacity for the microbial population was
exceeded. The carbon to nitrogen (C/N) ratio ofviz®
18.83, indicating that the maximal biogas productio
capacity of the population was reached, which is in
agreement with the findings of the other reseaté. |

The optimum C/N ratio for anaerobic co-digestion to
obtain higher biogas production may depend onype t
of waste used as co-substrate for C/N ratio adjeistm

Fig. 1. The Schematic Diagram for Anaerobic Co-Digdi®n

Device. As in the present research, highly biodegradabiekeh
dung with high nitrogen content (Table 2) was mixed
3. RESULTS AND DISCUSSION with food waste, vegetable waste, which has

. comparatively low nitrogen and biodegradability.
The dialy record of food waste from Watsrakaew stho

Angthong province for March-April 2016 is shown in
Table 1. Watsrakaew School, Angthong Province,
produced average and accumulates about 105.28ykg/de
and 5,484.75 kg for 53 days of the food waste with
vegetable waste, respectively. On the other hamokl f
waste is a potential organic substrate for biogas
production through anaerobic digestion (AD), whith
kg of food waste can be produced biogas 41 L].[13
Therefore, the feasibility 105.28 kg/day of food stea
can be produced 4,324.27 L/day of biogas.

1t IR £ S UMNONON ) ~JRCNNOD Ottt
OUNONONONO NONDNS NONDND NGNS

Biogas production (L)

L aan
7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

3.1 Characteristics of Substrates Days

: P -1 Fig.2. Comparison of Biogas Production from All Digsters;
The chemical characteristics of food waste with DI (food waste: chicken dung = 1:0), D2 (food waste

vegetable waste and chicken dung are shown in Table .., . dung = 0:1), D3 (food waste : chicken dung 1:1),

It was found that, food waste contain 28,000 md/l o p, (food waste : chicken dung = 2:1), and D5 (foodaste :
chemical oxygen demand (COD), and 100:1.46:1.59 ofchicken dung = 3:1).
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Table 1. Amount of Food Waste with Vegetable from
Sakaew Temple Community, Angthong

Volume of

wet food

Dayiont | ATEL] Hegof |

year (kg) (h, cm) n

V=l oo
8/3/2559 103 56 28.21
9/3/2559 114 57 28.71
10/3/2559 125 59.5 29.97
11/3/2559 117.75 59.5 29.97
12/3/2559 110.5 56 28.21
13/3/2559 109.5 57 28.71
14/3/2559 108.5 59 29.72
15/3/2559 104.75 56.5 28.46
16/3/2559 101 58 29.21
17/3/2559 96.75 59.5 29.97
18/3/2559 92.5 57 28.71
19/3/2559 102 55.5 27.95
20/3/2559 113 58 29.21

21/3/2559 97 56 28.21
22/3/2559 106 60 30.22
23/3/2559 111 57.5 28.96
24/3/2559 99 55 27.70
25/3/2559 112 58 29.21
26/3/2559 08 56.5 28.46
27/3/2559 109 59 29.72
28/3/2559 115 60.5 30.47
29/3/2559 103 53 26.69
30/3/2559 101 58 29.21
1/4/2559 110 57.5 28.96
21412559 99 59.5 29.97
3/4/2559 97 58 29.21
4/4/2559 106 60.5 30.47
6/4/2559 114 61 30.72
71412559 107 59.5 29.97
8/4/2559 109 55.5 27.95
9/4/2559 97 58 29.21
10/4/2559 99 56.5 28.46
11/4/2559 103 57 28.71
12/4/2559 106 59 29.72
13/4/2559 105 57.5 28.96

Table 1. Amount of Food Waste with Vegetable from
Sakaew Temple Community, Angthong (Con't)

Volume of

wet food
Dayiontny | ATevLSl) Hegher | Y

year (kg) (h, cm) n

{1(?00} '
14/4/2559 08 55.5 27.95
15/4/2559 99.5 58.5 29.46
16/4/2559 114 59.5 29.97
17/4/2559 111 60.5 30.47
18/4/2559 109 56 28.21
19/4/2559 97 56.5 28.46
20/4/2559 103 58 29.21
21/4/2559 99 57 28.71
22/4/2559 111 57.5 28.96
23/4/2559 08 55.5 27.95
24/4/2559 112 59 29.72
25/4/2559 106 53 26.69
26/4/2559 115 61 30.72
27/4/2559 97 53.5 26.95
28/4/2559 105 59.5 29.97
29/4/2559 108 59 29.72
30/4/2559 08 57.5 28.96
31/4/2559 106 55 27.70
Totalvalue | 5,484.75 | 2,997.5 1,509.74

Analysis of variance for biogas production from all
digesters is reported in Fig. 3. The analysis rieeethat
the food waste with vegetable waste ratio and @mick
dung is significantly positively correlated withogias
production,p-value = 0.001. Sincg-value is lesser than
0.05, which is concluded that the correlation dogfhts
are statistically significant at 99% confidencedlevihe
calculate means value for biogas production froin al
digesters are presented in Fig. 3, it was found tinea
highest mean data from all digesters was obtaindd3i
including to normal probability plot had linear.

3.3 Methane Content from Food Waste with Vegetable
Waste and Chicken Dung

All the successful digesters showed the similandsein
daily methane contents, which is shown in Fig.4wvdis
found that the same methane production as for co-
digestion (D3 to D5) was obtained in 9 days of dimgm.
However, methane production as for mono digestiah (
and D2) went on at almost the same as that of ¥4.da
Furthermore, the quality of the generated biogas also
improved with the addition food waste with vegetabl
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waste into the mixtures. The highest methane comten
biogas was 72 % (at 2™ay), 67 % (at 27 day), 59 %
(at 268" day), 55 % (at 26 day)and 51 % (at 3% day)
for D3, D4, D5, DI, and D2, respectively. Highest
methane content in the biogas has also been observedy
D3.

Table 2. The Chemical Characteristics of Food Waste it
Vegetable Waste and Chicken Dung

Residual Plots for Biogas production (L)

Normal Probability Plot

Percent
g

Residual

Histogram

Residual

Versus Fits

H

.

0 ! I H
.

LI

30 40 50
Fitted Value

Versus Order

S| ®e 00 00 mmmes oo
* @s @oemmee oo

Parameter Food waste | Chicken dung Q. s " °
pH 6'8 7.1 0 -45 -30 -15 0 15 30 ® 1 10 20 30 40 50 60 70 80 90 100 110 120 130
TKN (mg/L) 1,185 256 S
NH3 (mg/L) 42.7 305 Interval Plot of Biogas production (L) vs Formula
. 95% Cl for the Mean

Total solids (mg/L) 176,728 566,764 80
Volatile solids (mg/L) 158,231 10,050 4 7
Volatile suspended 109,210 6,900 é z:
solids (mg/L) 3
Suspended solids 111,240 600,000 é %
(mg/L) S
Total phosphorus 446 250.12 10 - - - - -
(mg/L) Formula

The pooled standard deviation was used to calculate the intervals.
Total nitrogen (mg/L) 410 209

Fig.3. Analysis of Variance for Biogas Productionrbm All

COD 28,000 - Digesters.
COD:N:P 100:1.46:1.59 -
Carbon (%) 49.5 26.97 8

= 70
Nitrogen (%) 1.85 3.02 o %]
Carbon/Nitrogen 26.76 8.9 T %]
Ratio (C/N) £ 491

S 301

g

s

Analysis of variance for methane production fror al
digesters is reported in Fig. 5. The analysis rieethat 5 ]
food waste with vegetable waste ratio and chickemgd
is significantly positive correlated with methane
production,p-value = 0.001. Sincgy-value is lesser than

0'05’. .Wh'Ch It Is Sl_Jggested '_[ha_t_ the - correlation Fig.4. Methane Content from from All Digesters; D1(food
coefficients are statistically significant at 99% \yaste : chicken dung = 1:0), D2 (food waste : chiek dung
confidence level. The calculate means for methane= 0:1), D3 (food waste : chicken dung = 1:1), D4déd waste
production from all digesters are presented in Bigit : chicken dung = 2:1), and D5 (food waste : chickedung =
was found that the highest mean data from all déges 3:1).

was obtained in D3 including to normal probabilitipt
had linear.

gryrrt————
8§ 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Days

However, analysis of variance for temperature in
digester from all digesters is reported in Fig. The
analysis revealed that food waste with vegetablstava
The average temperature in digester of all digester ratio and chicken dung is significantly positively
under different ratio of substrates is shown in BigThe ~ correlated with temperature in digester, p-valu@.G01.
average temperature in digester of D3, D4’ D5, m S|nce,p'Value IS |eS.SGI’ than 005, which it is CO!’]C!uded
D2 were 29.8, 29.5, 29.3, 28.8, and 2&3 respectively. that_ _the correlatlon_ coefficients are statistically
The results show that the cumulative biogas prodnct —Significant at 99% confidence level. The calculaieans
had the highest average temperature in digestaingpu O temperature in digester from all digesters are
digestion of D1 to D5 at average temperatures @& th Presented in Fig. 7, it was found that the higheean
range of 28.3 to 29.8C, found that D3 at 29.8C data from all d_|_gesters was obtained in D3 inclgdia
(mesophilic) achieved the highest biogas productiog ~ "0rmal probability plot had linear.
methane content.

3.4 Temperaturein Digesters from All Digesters
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Residual Plots for % CH4 is range 6.5 to 8.0. If the pH value of the sultetia
Normal Probability Plot Versus Fits either lower than 6.0 or greater than 8.0, methansg
; . i will be inhibited and volatile fatty acids will be
g E o,,l ,,,,,,, . - l! accumulated. However, analysis of variance for plie
2 £ ; . H : from all digesters is reported in Fig. 9. The asily
'”w L — revealed that food waste with vegetable waste @tid
Residual Fitted Value chicken dung is significantly positively correlatedth
Histogram Versus Order pH value,p-value = 0.001. Since, p-value is lesser than
;“ . 0.05, which is concluded that the correlation dofhts
§” 3 are statistically significant at 99% confidencedevihe
£ - calculate means for pH value from all digesters are
Lot LU D e sess i presented in Fig. 9, it was found that the highmetin
Restdual Observation Order data from all digesters was obtained in D3 inclgdia
normal probability plot had linear.
lterral Pgl;’; %fl ‘f}zrct::q:aiorm LLaE Residual Plots for Temp
65 Normal Probability Plot Versus Fits
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Residual Observation Order
Fig.5. Analysis of Variance for Methane Productionfrom Interval Plot of Temp vs Formula 2
All Digesters. 95% Cl for the Mean
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300
295
o
2y £
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—
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)
.
'E 280
> D1 D2 D3 D4 D5
::: Formula 2
o The pooled standard deviation was used to calculate the intervals.
:
2 Fig.7. Analysis of Variance for Temperature in Digeter
from All Digester.
250 +—+—7—7—7"T"—TTT—TT T T T TT T 78 -
024 6 810121416182022242628303234363840 7.6 ]
Days 7.4 1

Fig.6. Temperature in Digester from All Digesters; [0 (food
waste: chicken dung = 1:0), D2 (food waste: chickedtung =
0:1), D3 (food waste: chicken dung = 1:1), D4 (foodraste:
chicken dung = 2:1), and D5 (food waste: chicken ag =
3:1).

3.5 pH Value from All Digesters

T T T T

The pH profiles of all digesters in this researale a 0246 810121416182022

2242628303234363840
shown in Fig. 8. It was found that the pH valuenirD3,
D4, D5, D1, and D2 was obtained and average of,6.87

6.64, 6.52, 6.42, and 6.36, respectively. The pidevaf dung = 1:0), D2 (food waste: chicken dung = 0:1), D(food

D3 to DS was well near 7.0 throughout the inves$toga  ate: chicken dung = 1:1), D4 (food waste: chickedung =
The pH value which was suitable for anaerobic diges 2:1), and D5 (food waste: chicken dung = 3:1).

Days

Fig.8. pH Value from All Digesters; D1 (food wastechicken
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Residual Plots for pH
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The pooled standard deviation was used to calculate the intervals.

Fig.9. Analysis of Variance for pH from All Digestes.

3.6 Economic Evaluation

To investigate the economic evaluation of the satggk
biogas production from D3 by calculation payback
period, as following:

Payback period = Total fixedcosts/[(Capacity/daypPG
price)]

1lkgof LPG=1.82L

Total fixed costs = 5,000 Baht (including fermeiaat
and measurement biogas system)

Capacity of biogas production/day (D3) = Cumulative
biogas production/HRT

Capacity of biogas production/day (D3) = 2,107.80/3
=55.46 L

Biogas production/day = 55.46/1.82 = 30.47 kg o5LP
LPG price in the market is not compressed in taak w
10 Baht/kg

Therefore;
Payback period = 5,000 Baht/(30.47 kg of LPG/da[0X

Baht/kg)
=16.4 days
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4. CONCLUSIONS

Anaerobic co-digestion has been shown to be a
promoting strategy for utilizing food waste with
vegetable waste and chicken dung for biogas pramtuct
This strategy may also be used for other agricailtur
waste which resists anaerobic digestion due tor thei
acidic pH [17]. Anaerobic co-digestion of food weast
with vegetable waste and chicken dung was founieto
promoting in pilot-scale semi-batch reactor. Thieas

of different substrates ratio on biogas productigrm
food waste with vegetable waste and chicken dumf an
their mixture were studied under mesophilic comdisi

for 53 days. In the present research, about 9 day w
observed as a biogas production for anaerobic co-
digestion while mono digester was observed as galsio
production about 14 days. The results showed that t
cumulative biogas production obtained at digest& D
(food waste: chicken dung = 1:1) were higher thzat t
of digester D4 (food waste: chicken dung = 2:1), D5
(food waste: chicken dung 3:1), D1(food waste:
chicken dung = 1:0), and D2 (food waste: chickengdu

= 0:1) by 12 %, 24 %, 45 %, and 67 %, respectively.
Higher methane contents about 72 % was obtained fro
D3 than those from other mixtures. The adjustmént o
C/N ratio to optimum value as obtained in dige€d&r
was partly responsible for its enhanced cumulative
biogas production and methane content. The research
showed that anaerobic co-digestion of food waste:
chicken dung = 1:1 could be the most suitable for
optimum production of biogas. The data obtainednfro
this research could be used as a basis for degidgige
scale anaerobic co-digestion for treatment of foadte
with vegetable waste and chicken dung and their
mixture. Future research is required to obtain dtieer
inoculum in order to increasing biogas production.
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